Introduction {#cesec10}
============

Stroke is a leading cause of death and permanent disability worldwide. Around three-quarters of the global burden of stroke deaths (approximately 6·5 million per year) and associated disability-adjusted life years (113 million) now occur in low-income and middle-income countries, including China.[@bib1] In recent decades, the incidence and mortality rates of first stroke cases have declined progressively in high-income countries, but have not changed or have increased in many low-income and middle-income countries.[@bib1] Stroke is the leading cause of death and disability in China, accounting for more than 3 million new cases and around 2 million deaths in 2013,[@bib2], [@bib3] and a higher proportion of strokes are intracerebral haemorrhages in the Chinese population than in western populations.[@bib2], [@bib3]

Previous large, nationwide studies in China have provided reliable estimates for stroke prevalence,[@bib4] incidence,[@bib3] and mortality,[@bib1] and have assessed the role of major risk factors for stroke.[@bib5], [@bib6] However, there is little reliable contemporary evidence in China (and many other low-income and middle-income countries) about the case-fatality rate or recurrent risk after first stroke of different types. Previous such studies have been constrained by small sample sizes,[@bib7], [@bib8] a focus on particular stroke types or minor cases,[@bib7], [@bib8], [@bib9] short duration of follow-up,[@bib3] or restriction to hospital-based rather than community-based settings.[@bib10] As in most high-income countries, considerable improvements have been made in the diagnosis of stroke (ie, widespread use of brain imaging), the acute treatment of stroke (eg, thrombolysis and antiplatelet therapy), and long-term secondary prevention (eg, blood-pressure lowering, antiplatelet and lipid-lowering therapy) in the past few decades in China.[@bib11] However, considerable uncertainty persists about whether such advances have resulted in any substantial improvement in both the short-term and long-term prognosis after first stroke in the general population. Reliable contemporary evidence on the natural history of stroke types in low-income and middle-income countries is needed to guide the delivery of appropriate services for the treatment and prevention of stroke.

Research in context**Evidence before this study**We searched PubMed from inception to Sept 1, 2019, for studies that had investigated the recurrence or mortality after stroke and major stroke types, using the search terms ("stroke" or "Ischemic stroke" or "haemorrhagic stroke" or "Chinese" and "recurrence" or "mortality or fatality") in articles published in English. In a national representative survey on stroke incidence and mortality, recurrence was not reported and patients were only followed up for 1 year. Although considerable improvements have been made in the diagnosis and treatment of stroke, substantial uncertainty persists about whether such advances have resulted in any appreciable improvements in prognosis after a first stroke in China.**Added value of this study**In this prospective study of adults recruited into the China Kadoorie Biobank during 2004--08, 489 586 participants without previous cardiovascular disease events were followed up for 9 years to record cases of first incident and recurrent stroke and cause-specific mortality. Risks of death and recurrent stroke were estimated separately by stroke type. 45 732 participants had a first stroke, including 36 588 (80%) individuals who had an ischaemic stroke, 7440 (16%) who had an intracerebral haemorrhage, 702 (2%) who had a subarachnoid haemorrhage, and 1002 (2%) who had an unspecified stroke type. The prognosis after a first stroke was poor, with 28-day mortality of 3% after ischaemic stroke, 47% after cerebral haemorrhage, 19% after subarachnoid haemorrhage, and 24% after unspecified stroke, with higher 28-day mortality in rural than urban areas, particularly for intracerebral haemorrhage (52% *vs* 32%). Among stroke survivors at 28 days, 41% had recurrent stroke and 17% died by 5 years after first stroke.**Implications of all the available evidence**Despite progress in the treatments for stroke worldwide, the short-term and long-term prognosis following stroke is still poor in middle-income countries such as China, highlighting the urgent need for further improvements in secondary prevention of stroke in these countries.

We present relevant findings from a 9-year follow-up of a population-based study of 0·5 million adults from ten diverse geographical areas in China. The aims of this study were to assess the 28-day case-fatality rates after first stroke for the major pathological stroke types; to estimate the short-term and long-term risks of recurrent stroke and mortality after a first stroke event by stroke type; and to investigate the pathological types of recurrent stroke after a first stroke of different types.

Methods {#cesec20}
=======

Study design and participants {#cesec30}
-----------------------------

Details of the design and methods used in the China Kadoorie Biobank (CKB) have been previously reported.[@bib12], [@bib13] In brief, the 2004--08 baseline survey was conducted in ten geographical areas (five urban, five rural) of China, chosen from China\'s nationally representative Disease Surveillance Points. These ten areas were chosen to maximise regional and social diversity, differences in risk exposures, and differences in burden of major diseases, including stroke. In each area, all permanent residents aged 35--74 years without disability were invited to participate. 512 715 individuals (including a small number of individuals outside the target age range) agreed to participate in the study.

Trained health workers administered laptop-based questionnaires at local study clinics, which collected detailed information on sociodemographic status, smoking, alcohol consumption, diet, physical activity, and medical history. All participants also had several clinical measurements recorded, including height, weight, waist and hip circumference, lung function, blood pressure, and heart rate, and had a blood sample collected for long-term storage. Previous international, national and local ethics approval was obtained and all participants provided written informed consent to participate in the study and for their health status to be monitored by linkage with their electronic health records.

Procedures and outcomes {#cesec40}
-----------------------

After the baseline survey, the vital status of participants was monitored regularly through Disease Surveillance Point death registries, supplemented by annual checks with local residential records and active confirmation by contacting local street committees or village administrators.[@bib13] The causes of death, usually available from official death certificates, were supplemented by available medical records. In the small proportion of deaths (\<5%) occurring without recent medical attention, standard procedures (verbal autopsy) were used to determine the probable causes of death based on symptoms and signs provided by informants (usually family members).[@bib14]

All hospitalised cases of stroke (and other diseases) were identified by electronic linkage, via a unique personal identification number, to established registries of major diseases (ie, stroke, ischaemic heart disease, cancer, and diabetes) and to local health insurance claims databases for any hospital admissions, which covered more than 97% of study participants (these procedures also yielded a few additional deaths that had not been identified through death registries). To minimise bias due to loss to follow-up, any uninsured participants were also actively followed up by annual home visits in addition to annual checking of death and disease registries for any hospital admissions with stroke and other diseases and deaths in such participants.

All fatal and non-fatal stroke cases reported by different sources were coded by trained medical staff, who were blinded to other personal information, using the International Classification of Diseases 10th revision (ICD-10), with further checking and review done centrally by a clinical research fellow. Any hospital-reported cases of first stroke also underwent separate clinical adjudication, involving retrieval and review of original medical records and brain imaging reports by clinical specialists in China using a bespoke web-based system.

First incident and recurrent strokes {#cesec50}
------------------------------------

For first incident stroke, the major pathological types examined were ischaemic stroke (ICD-10 code I63), including lacunar infarction and non-lacunar infarction; intracerebral haemorrhage (I61); subarachnoid haemorrhage (I60); and unspecified stroke (I64). Ischaemic stroke was defined as a focal neurological dysfunction lasting for more than 24 h with or without neuroimaging evidence of a cerebral infarct. Lacunar infarction was defined as stroke with neuroimaging evidence of an infarct in the brain of less than 1·5 cm in diameter on CT or MRI reports, with or without focal neurological deficits, including lacunar syndrome. Non-lacunar infarction was any other type of ischaemic stroke, excluding lacunar infarction. Intracerebral haemorrhage was defined as neurological dysfunction caused by haemorrhage into the brain parenchyma or the ventricular system, excluding those induced by injury, with or without neuroimaging evidence of brain haemorrhage. Subarachnoid haemorrhage was defined as neurological dysfunction considered to be caused by haemorrhage into the subarachnoid space, excluding those induced by injury, with or without relevant neuroimaging evidence. 92% of the reported first stroke cases had their diagnosis confirmed by brain imaging (CT or MRI). Radiological reports (but not the brain imaging) of individuals with non-fatal stroke were reviewed by Chinese neurologists online.

The primary outcome measures were 28-day mortality, recurrent stroke, major vascular events, vascular mortality, and all-cause mortality. Recurrent stroke was defined as any hospitalised stroke events (ICD-10 I60, I61, I63, I64) occurring more than 24 h after the onset of a known first stroke. Major vascular events were defined as recurrent stroke, myocardial infarction (I21), or vascular death (I00--99), whichever was reported first.

Statistical analysis {#cesec60}
--------------------

The present analysis included all participants who had a stroke between enrolment and Jan 1, 2017, without a previous history of stroke or transient ischaemic attack, or ischaemic heart disease at baseline. The incidences of first stroke were standardised by sex, area, and age group to the overall CKB population for each decade of age at the time of diagnosis, excluding those with previous ischaemic heart disease or a previous stroke or transient ischaemic attack and are presented as incidence per 100 000 person-years. 28-day mortality was calculated as the proportion of participants who died within 28 days after a first incident stroke.

Cumulative mortality after first incident stroke was calculated as one minus Kaplan-Meier survival probability. The cumulative event rates (95% CIs) for recurrent stroke and other cardiovascular disease outcomes were calculated by the cumulative incidence function, treating death from any cause as a competing risk. The cumulative incidence of competing risks was estimated using the cmprsk package in R and the corresponding 95% CIs were based on the log-minus-log transformation.[@bib15], [@bib16] The event rates were estimated for all participants who had a first incident stroke, and separately by stroke type. Event rates were also calculated separately by sex and area (urban or rural). In analyses of multiple events (vascular or non-vascular deaths; recurrent strokes classified by type; myocardial infarction, angina, or other cardiac diseases), different event types were treated as competing risks in the analyses. Unless otherwise specified, recurrent cases of stroke, major vascular events, or deaths were restricted to those occurring more than 28 days after a first stroke event. All analyses were done using R 3.5.0.

Role of the funding source {#cesec70}
--------------------------

The funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. YC, RCl, and ZC had full access to all the data in the study and had final responsibility for the decision to submit for publication.

Results {#cesec80}
=======

By Jan 1, 2017 (the censoring date for the present analyses), 44 066 (8·6%) participants had died and 4751 (\<1%) were lost to follow-up, mostly because participants moved out of the study area.

Of 512 715 individuals in the CKB, 23 129 had a previous history of stroke, transient ischaemic attack, or ischaemic heart disease at baseline and were excluded from these analyses. 489 586 participants were included, of whom 45 732 had a stroke during the study period and 443 854 had no stroke ([table 1](#tbl1){ref-type="table"}).Table 1Baseline characteristics of participants by type of stroke**Stroke typeAny stroke (n=45 732)No stroke (n=443 854)**IS (n=36 588)ICH (n=7440)SAH (n=702)Unspecified (n=1002)Age group, years30--39974 (2·7%)285 (3·8%)52 (7·4%)36 (3·6%)1347 (2·9%)76 013 (17·1%)40--495662 (15·5%)1122 (15·1%)148 (21·1%)166 (16·6%)7098 (15·5%)143 628 (32·4%)50--5912 096 (33·1%)2202 (29·6%)259 (36·9%)282 (28·1%)14 839 (32·4%)135 833 (30·6%)60--6912 122 (33·1%)2467 (33·2%)172 (24·5%)323 (32·2%)15 084 (33·0%)67 199 (15·1%)70--795734 (15·7%)1364 (18·3%)71 (10·1%)195 (19·5%)7364 (16·1%)21 181 (4·8%)Age, years59·3 (9·6)59·6 (10·2)56 (10·1)59·6 (10·4)59·3 (9·8)50·8 (10·3)SexMen16 380 (44·8%)3913 (52·6%)265 (37·7%)455 (45·4%)21 013 (45·9%)179 122 (40·4%)Women20 208 (55·2%)3527 (47·4%)437 (62·3%)547 (54·6%)24 719 (54·1%)264 732 (59·6%)AreaRural17 606 (48·1%)5618 (75·5%)447 (63·7%)530 (52·9%)24 201 (52·9%)253 985 (57·2%)Urban18 982 (51·9%)1822 (24·5%)255 (36·3%)472 (47·1%)21 531 (47·1%)189 869 (42·8%)Highest educationPrimary school or no formal education20 079 (54·9%)5317 (71·5%)433 (61·7%)649 (64·8%)26 478 (57·9%)222 431 (50·1%)Middle school or high school13 938 (38·1%)1931 (26·0%)244 (34·8%)317 (31·6%)16 430 (35·9%)196 457 (44·3%)College or university2571 (7·0%)192 (2·6%)25 (3·6%)36 (3·6%)2824 (6·2%)24 966 (5·6%)Annual household income, ¥\<999911 301 (30·9%)3335 (44·8%)209 (29·8%)377 (37·6%)15 222 (33·3%)123 610 (27·8%)10 000--19 99911 822 (32·3%)2095 (28·2%)224 (31·9%)280 (27·9%)14 421 (31·5%)126 910 (28·6%)20 000--34 9998000 (21·9%)1291 (17·4%)159 (22·6%)199 (19·9%)9649 (21·1%)111 274 (25·1%)≥35 0005465 (14·9%)719 (9·7%)110 (15·7%)146 (14·6%)6440 (14·1%)82 060 (18·5%)Current smokerMen9272 (56·6%)2414 (61·7%)160 (60·4%)254 (55·8%)12 100 (57·6%)111 930 (62·5%)Women802 (4·0%)133 (3·8%)23 (5·3%)20 (3·7%)978 (4·0%)5642 (2·1%)Current alcohol drinkerMen11 915 (72·7%)2525 (64·5%)182 (68·7%)305 (67·0%)14 927 (71·0%)138 459 (77·3%)Women7596 (37·6%)982 (27·8%)165 (37·8%)175 (32·0%)8918 (36·1%)95 510 (36·1%)Regular dietary intake[\*](#tbl1fn1){ref-type="table-fn"}Meat28 811 (78·7%)5427 (72·9%)582 (82·9%)793 (79·1%)35 613 (77·9%)369 906 (83·3%)Fish15 636 (42·7%)2427 (32·6%)311 (44·3%)438 (43·7%)18 812 (41·1%)209 947 (47·3%)Dairy9029 (24·7%)859 (11·5%)129 (18·4%)181 (18·1%)10 198 (22·3%)86 145 (19·4%)Fruit20 468 (55·9%)3295 (44·3%)415 (59·1%)522 (52·1%)24 700 (54·0%)266 159 (60·0%)Prevalent disease[†](#tbl1fn2){ref-type="table-fn"}Diabetes2583 (7·1%)310 (4·2%)20 (2·8%)71 (7·1%)2984 (6·5%)10 329 (2·3%)Hypertension7960 (21·8%)1844 (24·8%)117 (16·7%)246 (24·6%)10 167 (22·2%)38 392 (8·6%)Systolic blood pressure, mm Hg141·5 (24·2)151·2 (26·6)138·3 (22·6)143 (25·7)143 (24·9)129·3 (20·2)Body-mass index (kg/m^2^)24·3 (3·5)23·3 (3·6)23·7 (3·5)23·8 (3·6)24·1 (3·5)23·5 (3·3)Random plasma glucose, mmol/L6·7 (3·2)6·5 (3·1)6·2 (2·7)6·6 (3·3)6·7 (3·2)6·0 (2·2)[^3][^4][^5]

The mean age at baseline was 59·3 years (SD 9·8) for participants who had a stroke during the study period and 50·8 years (10·3) for participants who had no stroke. 54·1% with stroke and 59·6% without stroke were women, and 47·1% with stroke and 42·8% without stroke resided in urban areas ([table 1](#tbl1){ref-type="table"}). During 4·72 million person-years of follow-up, 45 732 participants had a first incident stroke, including 36 588 (80%) ischaemic strokes, 7440 (16%) intracerebral haemorrhages, 702 (2%) subarachnoid haemorrhages, and 1002 (2%) unspecified stroke types ([table 1](#tbl1){ref-type="table"}). 42 073 (92%) of 45 732 stroke diagnoses were confirmed by brain imaging using CT or MRI.

The standardised event rates were 778 (95% CI 107--113) per 100 000 person-years for ischaemic stroke (110 \[107--113\] lacunar infarction, 668 \[661--676\] non-lacunar infarction), 156 (153--160) for intracerebral haemorrhage, 15 (14--16) for subarachnoid haemorrhage, and 21 (20--22) for unspecified stroke types ([appendix p 4](#sec1){ref-type="sec"}). The event rate of ischaemic stroke was higher in those living in urban areas rather than rural areas ([appendix p 4](#sec1){ref-type="sec"}). In contrast, the event rate of intracerebral haemorrhage were higher in those living in rural areas rather than urban areas ([appendix p 4](#sec1){ref-type="sec"}).

Compared with those who had no stroke, individuals who developed a first stroke during the study period tended to be older, male, to reside in urban areas, and to have lower levels of education and household income at baseline ([table 1](#tbl1){ref-type="table"}). Compared with ischaemic stroke, individuals who had intracerebral haemorrhage were more likely to be men, to live in rural areas, and to have lower levels of education and income. Individuals who had intracerebral haemorrhage also tended not to regularly consume meat, fish, fruit, and dairy products, and tended to be current smokers and have higher mean systolic blood pressure than individuals who had ischaemic stroke. However, the two groups had a similar mean body-mass index and random plasma glucose concentration. The baseline characteristics of individuals who had subarachnoid haemorrhage were generally similar to those of individuals who had intracerebral haemorrhage, and those of individuals who had unspecified stroke were similar to those of individuals who had ischaemic stroke ([table 1](#tbl1){ref-type="table"}).

28-day mortality of individuals with first stroke was 11% (95% CI 11--11; [figure 1](#fig1){ref-type="fig"}), with higher age-specific mortality in men than women (13% \[12--13\] *vs* 10% \[9--10\]; [appendix p 13](#sec1){ref-type="sec"}), and in rural areas than urban areas (16% \[15--16\] *vs* 6% \[6--6\]; [appendix p 13](#sec1){ref-type="sec"}). Mortality increased with age, particularly for intracerebral haemorrhage ([figure 1](#fig1){ref-type="fig"}). 28-day mortality was highest for intracerebral haemorrhage (47% \[46--48\]) and lowest for ischaemic stroke (3% \[3--4\]). For ischaemic stroke, 28-day mortality was higher for non-lacunar infarction than for lacunar infarction (4% \[3--4\] vs 0·4% \[0·2--0·6\]; data not shown).Figure 1Age-specific 28-day mortality after a first stroke of different typesMortality was calculated as the proportion of participants dying from any cause within 28 days after a first stroke. Whiskers indicate 95% CIs. IS=ischaemic stroke. ICH=intracerebral haemorrhagic stroke. SAH=subarachnoid haemorrhage.

Among those who survived a first stroke, the cumulative recurrence rates from 28 days after the first stroke were 17% (95% CI 16--17) at 1 year, 41% (41--42) at 5 years, and 53% (52--54) at 9 years ([table 2](#tbl2){ref-type="table"}). All-cause mortality (predominantly from vascular causes) was 4% (4--4) at 1 year, 17% (17--18) at 5 years, and 30% (30--31) at 9 years. Individuals with intracerebral haemorrhage had higher post-28-day mortality than any other stroke type, with mortality rates of 11% (10--12) at 1 year, 28% (26--29) at 5 years, and 41% (39--44) at 9 years ([appendix p 6](#sec1){ref-type="sec"}), compared with 4% (3--4) at 1 year, 16% (15--16) at 5 years, and 29% (28--30) at 9 years for those with ischaemic stroke ([appendix p 5](#sec1){ref-type="sec"}). At 5 years, the all-cause mortality for those with intracerebral haemorrhage (28% \[26--29\]) was almost twice as high as that for other stroke types ([figure 2](#fig2){ref-type="fig"}). Stroke recurrence rates at 5 years were similar for those with intracerebral haemorrhage (44% \[42--46\]), ischaemic stroke (41% \[41--42\]), and unspecified stroke type (40% \[35--44\]), but were lower for those with subarachnoid haemorrhage (22% \[18--27\]). Mortality at 5 years was almost twice as high for individuals with non-lacunar infarction compared with lacunar infarction (17% \[16--17\] *vs* 9% \[8--10\]), and the stroke recurrence rates were similar (41% \[40--42\] *vs* 45% \[43--47\]; [figure 3](#fig3){ref-type="fig"}).Table 2Cumulative event rate of recurrent stroke, major vascular events, vascular mortality, and all-cause mortality (n=45 732)**28 days1 year2 years3 years4 years5 years6 years7 years8 years9 yearsRecurrent stroke**Events056168140968510 62311 29811 72211 99512 16112 230No events or death35 65424 91618 53513 72399537008479929371565668Deaths065510671391163417861910200220642077Censored04467791210 85513 44415 56217 22318 72019 86420 679Cumulative event rate, % (95% CI)017% (16--17)26% (25--26)32% (31--33)37% (36--37)41% (41--42)45% (44--45)48% (47--49)51% (50--52)53% (52--54)**Major vascular event**[\*](#tbl2fn1){ref-type="table-fn"}Events05963873110 46111 55212 32412 81613 14813 34613 426No events or death35 60524 83918 44813 64698726933473828941547660Deaths034754869880787793797510011005Censored04456787810 80013 37415 47117 11418 58819 71120 514Cumulative event rate, % (95% CI)018% (17--18)27% (27--28)35% (34--35)40% (40--41)45% (45--46)49% (49--50)53% (53--54)57% (56--58)60% (59--61)**Vascular mortality**Events0120819722597311335453885410542844362No events or death40 37033 33427 52522 09717 00112 5629078598433211368Deaths0426729962116812981416149615501569Censored0540210 14414 71419 08822 96525 99128 78531 21533 071Cumulative event rate, % (95% CI)03% (3--3)6% (5--6)8% (8--8)10% (10--10)13% (12--13)15% (15--16)17% (17--18)20% (20--21)23% (22--24)**All-cause mortality**Events0163427013559428148435301560158345931No events or death40 37033 33427 52522 09717 00112 5629078598433211368Censored0540210 14414 71419 08822 96525 99128 78531 21533 071Cumulative event rate, % (95% CI)04% (4--4)8% (7--8)11% (10--11)14% (14--14)17% (17--18)21% (20--21)24% (23--24)27% (27--28)30% (30--31)[^6][^7]Figure 2Estimated cumulative event rates of recurrent stroke, major vascular events, vascular mortality, and all-cause mortality from 28 days after first stroke of different typesPlotted lines indicate the cumulative incidence, starting at the date of first stroke. Whiskers indicate 95% CIs. Deaths from any cause were treated as competing risks. Participants experiencing an event or death within 28 days from first stroke were excluded. IS=ischaemic stroke. ICH=intracerebral haemorrhagic stroke. SAH=subarachnoid haemorrhage.Figure 3Estimated cumulative event rates of recurrent stroke, major vascular events, vascular mortality, and all-cause mortality from 28 days after first ischaemic stroke of different subtypesPlotted lines show the cumulative incidence, starting with the date of first stroke. Deaths from any cause were treated as competing risks. Participants experiencing an event or death within 28 days following a first stroke were excluded. Only participants whose first stroke was ischaemic stroke were included. LACI=lacunar infarction.

For all types of first stroke, the cumulative recurrent stroke rate at 5 years was higher in men than women (except for subarachnoid haemorrhage) and in urban than rural areas ([appendix p 14](#sec1){ref-type="sec"}). All-cause mortality at 5 years was higher in men than women (except for subarachnoid haemorrhage), but lower in urban than rural areas for all stroke types ([appendix p 15](#sec1){ref-type="sec"}).

After a first ischaemic stroke, 91% of recurrent strokes were ischaemic stroke (urban 94%, rural 86%), 7% were intracerebral haemorrhage (urban 3%, rural 11%), and 2% were unspecified stroke type (urban 2%, rural 2%; [appendix p 10](#sec1){ref-type="sec"}). After a first intracerebral haemorrhage, 56% of recurrent strokes were intracerebral haemorrhage (urban 43%, rural 62%), 41% were ischaemic stroke (urban 53%, rural 35%), and 3% were unspecified stroke type (urban 3%, rural 3%). After a first subarachnoid haemorrhage, 43% of recurrent strokes were ischaemic stroke, 29% were intracerebral haemorrhage, and 27% were subarachnoid haemorrhage. After a stroke of unspecified type, 69% of recurrent strokes were ischaemic stroke, 22% were unspecified stroke, and 9% were intracerebral haemorrhage ([appendix p 10](#sec1){ref-type="sec"}).

After a first non-lacunar infarction, 80% of recurrent strokes were non-lacunar infarction (urban 78%, rural 82%), 10% were lacunar infarction, and 7% were intracerebral haemorrhage ([appendix p 10](#sec1){ref-type="sec"}). After a lacunar infarction, 47% of recurrent strokes were lacunar infarction (urban 50%, rural 23%), 48% were non-lacunar infarction (urban 47%, rural 64%), and 3% were intracerebral haemorrhage (urban 2%, rural 13%).

Compared with recurrent stroke (41%), the event rate of myocardial infarction at 5 years after first stroke was much lower, at about 2% ([appendix p 16](#sec1){ref-type="sec"}). The 5-year event rate for non-myocardial-infarction cardiac events was 15% after ischaemic stroke and 7% after intracerebral haemorrhage.

Among individuals who survived a first stroke at 28 days, the cumulative event rates for major vascular events (ie, non-fatal recurrent stroke, non-fatal myocardial infarction, or vascular death) were 18% at 1 year, 45% at 5 years, and 60% at 9 years ([table 2](#tbl2){ref-type="table"}). After combining both short-term (≤28 days) and long-term (\>28 days) risks, the cumulative mortality after a first stroke was 15% at 1 year (ischaemic stroke 7%, intracerebral haemorrhage 53%) and 26% at 5 years (ischaemic stroke 19%, intracerebral haemorrhage 62%; [appendix pp 8, 9](#sec1){ref-type="sec"}).

After excluding individuals with stroke as secondary diagnosis, analyses restricted to 21 817 individuals with an adjudicated diagnosis of a non-fatal first stroke event as their main diagnosis showed similar 5-year cumulative event rates for recurrent stroke, major vascular events, vascular and all-cause mortality ([appendix p 11](#sec1){ref-type="sec"}). Further sensitivity analyses excluding individuals with recurrent stroke events who also had comorbidities only slightly reduced the overall 5-year recurrence rates (from 41% to 35%; [appendix p 12](#sec1){ref-type="sec"}).

Discussion {#cesec90}
==========

In this large community-based study in China, the incidence of stroke in the adult population was high, with around 9% of included participants experiencing a stroke during 9-year follow-up. Prognosis was also notably poor, with one in ten individuals dying within 28 days after onset of a first stroke, almost one in five dying by 5 years and more than 40% experiencing a recurrent stroke within 5 years of a first stroke. Among stroke types, the short-term and long-term prognosis for individuals with intracerebral haemorrhage was substantially worse than for those with ischaemic stroke, particularly in rural areas. After a first ischaemic stroke, although the 28-day mortality was low, the long-term risks of recurrent stroke and mortality were high. After a first ischaemic stroke, most of the incidences of recurrent stroke were also ischaemic stroke, whereas after a first intracerebral haemorrhage, a higher proportion of recurrent strokes were ischaemic stroke than were intracerebral haemorrhage.

The event rate of first stroke in the present study population was considerably higher than the incidence reported in a recent national representative survey (345·1 per 100 000 person-years).[@bib3] The discrepant results in the present study might reflect the older mean age of the CKB study participants or the inclusion of areas with a high incidence of stroke (eg, Harbin and Hunan).[@bib11] Because the present study was not designed to be nationally representative, it is not appropriate to make direct comparisons of stroke incidence in CKB with those in representative national surveys. Nevertheless, the observed north-to-south gradients and rural-urban differences in stroke incidence observed in CKB were generally consistent with those reported in the most recent representative national survey.[@bib3]

In the present study, 28-day mortality of intracerebral haemorrhage was considerably higher than that of ischaemic stroke (47% *vs* 3%), which is expected and could reflect differences in both pathology and effects of treatment.[@bib17] A systematic review of 8145 individuals with intracerebral haemorrhage from 36 studies in 21 countries also reported a similar 28-day mortality of 40%,[@bib18] and a previous study involving 16 031 Chinese adults who were enrolled between 1991 and 2000 reported 28-day mortality of 49·4% for intracerebral haemorrhage.[@bib19] Similar studies in western populations have reported lower 28-day mortality of intracerebral haemorrhage (eg, 29·6% in France[@bib20] and 30·7% in Sweden[@bib21]). The higher mortality of intracerebral haemorrhage in China might reflect differences in stroke severity (due to poor detection and control of hypertension in China),[@bib11], [@bib22] or delays in access to hospital care (including access to neurosurgery), particularly in rural areas.[@bib11] Similarly, differences in lifestyle factors might also account for the higher mortality observed in rural areas than urban areas in CKB. Unexpectedly, the present study showed lower mortality for subarachnoid haemorrhage than for intracerebral haemorrhage. Because subarachnoid haemorrhage is relatively rare among stroke types, the possibility of misclassification of subarachnoid haemorrhage as intracerebral haemorrhage for some individuals cannot be entirely excluded. The lower mortality of subarachnoid haemorrhage in Asian countries (Japan and China) than in other regions was also reported in a recent meta-analysis of subarachnoid haemorrhage involving 33 studies in 19 countries recruited after 1995.[@bib23] In contrast with intracerebral haemorrhage, the 28-day mortality for ischaemic stroke observed in the present study and in previous studies in China were considerably lower than those reported in western populations,[@bib21], [@bib24], [@bib25], [@bib26] possibly reflecting differences in the incidence of ischaemic stroke subtypes (eg, a higher proportion of individuals with small vessel ischaemic stroke) or better detection of less severe stroke types.[@bib27], [@bib28]

Few previous studies in China have examined the long-term prognosis after the onset of first stroke. In the China National Stroke Registry study, which involved 11 560 individuals with ischaemic stroke recruited in 2007--08 from major hospitals, 1-year cumulative mortality after a first ischaemic stroke was twice as high as that reported in the present study (14% *vs* 7%),[@bib29] but the stroke recurrence rate at 1 year was comparable to that observed in the present study (17% *vs* 16%). Less evidence is available on the long-term prognosis after first intracerebral haemorrhage. In a meta-analysis of 2408 individuals with intracerebral haemorrhage from 122 studies in different countries,[@bib30] the overall cumulative mortality was 54% at 1 year and 71% at 5 years. The results of the present study were similar to those observed in a recent Swedish study, which reported mortality rates of 42% at 1 year and 62% at 5 years.[@bib21] A meta-analysis involving 1102 individuals with intracerebral haemorrhage enrolled between 1981 and 2007 reported higher stroke recurrence rates than the present study (46% *vs* 23%), but the differences might reflect improvements in health-care during the period between the studies.[@bib30]

The poor long-term prognosis after a first stroke in China might also reflect the inadequate use of established medications (eg, antiplatelet therapy, blood pressure-lowering, and lipid-lowering treatments), as shown in a previous report from the CKB study population.[@bib22] Other community-based studies in China have reported that only 10% of individuals with ischaemic stroke used aspirin, 2% used LDL cholesterol-lowering therapy, and around 35% used antihypertensive medication.[@bib11], [@bib31] The scarce use of such treatments with proven efficacy might reflect inadequate reimbursement policies, poor access to primary health care services,[@bib32] or poor awareness among patients and their doctors of the need for long-term use of such treatments for stroke survivors.[@bib11], [@bib33]

The present study showed that nearly all incidences of recurrent stroke after ischaemic stroke were also ischaemic stroke, which was consistent with previous studies done in western populations.[@bib34] In contrast with previous reports that suggested that lacunar infarction and non-lacunar infarction have a distinct pathology,[@bib28], [@bib35] the present study showed that subsequent stroke can be both lacunar infarction and non-lacunar infarction after first lacunar infarction or non-lacunar infarction indicating overlapping causes underlying lacunar infarction and non-lacunar infarction. Few large studies have specifically examined the type of recurrent stroke events after intracerebral haemorrhage. A systematic review of ten studies, involving 1880 individuals with intracerebral haemorrhage recorded between 1982 and 2000, reported that 75% of the individuals who had recurrent strokes had intracerebral haemorrhage.[@bib36] By contrast, a meta-analysis involving 2408 individuals with intracerebral haemorrhage reported similar proportions of recurrent ischaemic stroke and recurrent intracerebral haemorrhage after first intracerebral haemorrhage.[@bib30] The present study, involving three-times as many individuals with intracerebral haemorrhage as the previous meta-analysis,[@bib30] also reported that more than 40% of recurrent strokes after intracerebral haemorrhage were ischaemic stroke.

Current guidelines recommend use of antiplatelet therapy and statins for ischaemic stroke, but not for intracerebral haemorrhage.[@bib37] However, most of the available evidence about the use of such treatment in intracerebral haemorrhage is based on studies done in western populations in which the incidence of intracerebral haemorrhage was low. Given the high incidence of intracerebral haemorrhage in China, large randomised trials are needed to assess the efficacy and safety of long-term antiplatelet and cholesterol-lowering therapy for secondary prevention of ischaemic stroke. A previous estimate suggested that the benefits of LDL cholesterol-lowering treatments on ischaemic stroke and ischaemic heart disease would exceed the adverse effects on intracerebral haemorrhage by more than five times in Chinese adults.[@bib38]

This study had several strengths, including the prospective study design, the large number of participants, detailed data on stroke types, and complete long-term follow-up for both fatal and non-fatal incidences of stroke and other vascular diseases. Of note, more than 90% of the reported first strokes were confirmed by brain imaging. However, the study also had several limitations. Firstly, the CKB cohort was established mainly to investigate the determinants of common chronic diseases. Therefore, the study design focused on diversity rather than representativeness of study populations. As such, the findings may not be directly generalisable to the overall Chinese population. Secondly, recurrent strokes were defined as any reported stroke occurring more than 24 h after a first incident stroke that led to new hospitalisation.[@bib35] It is possible that some of the recurrent stroke cases might not be new stroke events, but were recorded as new cases for various reasons (including transfers between different hospitals). However, most of the recurrent strokes occurred many months or years after their initial event, frequently involving a different stroke pathological type, suggesting that they were unlikely to be readmissions for the same stroke or an evolving stroke after a first event. Thirdly, stroke survivors admitted to hospitals subsequently for reasons other than a new stroke could still have a stroke diagnosis recorded in their medical records, leading to false positive diagnoses for recurrent strokes. However, sensitivity analyses using recurrent stroke as the primary diagnosis or excluding those that also had comorbidities recorded at hospital admission did not notably alter the high rates of stroke recurrence and mortality. Nevertheless, the possibility of overestimation or underestimation of stroke recurrence after a first stroke cannot be entirely excluded and the verification of at least some recurrent stroke events in future studies would help to clarify this.

This study showed a high incidence of stroke in Chinese adults, and a surprisingly poor long-term prognosis after a first stroke of any type, particularly for individuals living in rural areas. The findings highlight the need for improved primary prevention of stroke through lifestyle modification, and for urgent improvements to the delivery of effective secondary prevention treatments for stroke (eg, anti-platelet, lipid-lowering, and blood pressure-lowering medication) in both urban and rural areas in China and in other low-income and middle-income countries.
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[^1]: Joint senior authors

[^2]: China Kadoorie Biobank Collaborative Group members are listed in the appendix

[^3]: Data are mean (SD) or n (%). 23 129 participants with self-reported previous ischaemic heart disease, stroke, or transient ischaemic attack at baseline were excluded. IS=ischaemic stroke. ICH=intracerebral haemorrhage. SAH=subarachnoid haemorrhage.

[^4]: 1--3 days per week or more often.

[^5]: Self-reported at baseline survey.

[^6]: Time-points are time since first stroke.

[^7]: Stroke, myocardial infarction, and vascular mortality.
